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\, ( ‘ ABSTRACT

Results obtained from participation in previous atomic tests
proved conclusively that nuclear detonations of 3 KT and higher could
be detocted and displayed on the indicators of standard X-band radar
bombing systems and Ku-band radar systems. Participation in Operation
UPSHOT-XNOTHOLE provided an opportunity to test new techniques believed
applicable to an Indirect Bomb Damage Assessment (IBDA) system as well
as to investigate certain phenomena associated with a nuclear deton-
ation which might affect the interpretation of the radar dispdlay.

Three B-29 type aircraft participated in Project 6.2 and werd in-
strumented as follows: 1) Fast scan Ku-band radar set AN/APS-48(XAM1)
and instrumentation to investigate the electromagnetic wave emanati
from a nuclear detonation, as applied to the determination of height=
of-burst; 2) Standard scan Ku-band radar set AN/APS-43(XA-1) and RN
Airborne Moving Target Indicator (AMTI) equipment, radar set AN/APS-27 -
(XA-5); 3) radar set AN/APS-23 modified in accordance with High
Information Content Study (HICS) procedures, which results in radar
pictures containing more detailed information than can normally be
obtained from unmodified radar sets.

Your Mark III Bhangmeters were tested during the operation. Two
Bhangmeters were installed in two of the B-29 aircraft for all shots
excert Shot 9 when one was installed in each of two B-29's and two were
inetalled in the drop aircraft, B-50 #7169. The yield measuring
portion of the instruments gave results which appsar to be withi the
measurement accuracy for Bhangmeters. The time-of-fall mechanism did
not perform satisfactorily due to mechanical malfunctioning of the
clock mechaniem,

The Nevada Proving Ground portion of this project investigated
the refraction of a radar beam passing near s fireball, ondeavored to
obtain fundamental data concerning various phenomena associated with
a muclear detonation by observing the direct radar returns, and
ascertained if a correlation exists between any of the various charac-~
teristics of the returns and the yield of the detonations. Detalls
of this part of Project 6.2 mey be found in Appendix A of this report.
The refraction of the rader beam was too small to be resolved. Badar
reflection from the fireball was not obeerved. However, on all ex-
perimentc large fluctustions of radar signal amplitude were present,
which is interpreted as deing due to interference effects between
signals that had traveled different paths.
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It 1s concluded that to obtain IBDA parameters, a fast scan type
radar se’ ic desirable but not necessary; that the AMTI equipment
tusted 19 too susceptidble to interference to be considered usadble in
an IBDA system; that some of the HICS8 procedures and modificetions are
desirable for inclucion in an IBDA system but none are considered
necessary to obtain the IBDA parameters; that it is not practical to
use the electromagnetic wave emanating from a nuclear detonation to
dotermine ite height-of-burst above ground.

L
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FOREWORD

This report is one of the reports presenting the results of the
78 projects participating in the Military Effects Tests Program of
Operation UPSHOT-KNOTHOLE, which included 11 test detonstions. For
readers interested in other pertinent test information, reference is
made to WP-782, Summary Report of the Technical Director, Military
Bffects Program. This summary report includes the following infor-
mation of possible general interest.

a. An over-all description of each detonstion, including yield,
height of burst, ground zero location, time of detonation, ambient
atmospheric conditions at detonation, etc., for the 11 shots.

b. Compilation and correlation of all project results on the
basic measurements of blast and shock, thermal radiestion, and nuclear
radiation.

¢. Compilation and correlation of the various project results
on weapons effects.

d. A summary of each project, including odjectives and results.

e. A complete listing of all reports coverirg the Military
Bffects Tests Progran.

5
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PREFACE

The purpose of this report is to present the rd i wults of tests of
techniques believed applicadle to Indirect P~mb Damage Assessment
systems and also report the results of investigations of certain
phenomena associated with a nuclear detonation which might affect the
interpretation of the radar display.

The writer wishes to aclnowledge the cooperrtion and aseistance
afforded Project 6.2 by the program director and his staff, This
assistance was esveciall. appreciated by project personnel stationed
at the Nevada Proving Oround who found themselves faced with numerous
and unexpected difficulties which were overcome through the assistance
of the program director. The writer aiso wishes to acknowledge the
asgistance and work performed by all personnel directly associated
with Project 6.2 and the assistance rendered by; Air Force Special
Weapons Center, and particularly the 4925th Test Group (Atomic):
Sandia Corporation's movie and still film processing laboratories;
Radar personnel from Air Force Armament Center: and the SAC aircraft
crew from Barksdale Air Force Base.
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CHAPTER 1

OBJECTIVE

1.1 OENERAL

Since participation in Operation BUSTER-JANGLE, new techniques
had been developed which were believed applicable to an Indirect Bomd
Damage Assessment (IBDA) system. Operation UPSHOT-XNOTHOLE provided
an opportunity to test these techniques and determine if they were of
sufficient importaiace,to include in a proposed IBDA systems,meeting
the requirements of Headquarters, USAP,

As a result of previous tests and the proposed use of the
observed radar returns, questions were raised regarding the refraction
of a radar beam wvhen in close proximity to a fireball and if the
obcerved radar roturn could be correlated with the yield of the nuclear

detonations. These two points were investigated by installations at
the Nevada Proving Ground (NPG),

1.1.1 Rader Set AN/APS-U8 (XA-1)

Thie radar se¢t operrtes in the Ku-band and has a "looking"
rate of 8.0 "luuas” pur svcuut as Cumpared VU B BLALUBLU TEGAT TATE
of 1.4 "looks" per second. It was believed that the increased number
of frames contzining the radar return would insure usable IBDA data.

1.1.2 Rader Set AN/APS-27(XA-5)

This radar set is an Airborne Moving Target Indicator (AMTI)
and consiste of radar set AN/APS-23 and additional modifying boxes.
Since the radar roturns from a nuclear detonation are asgsociated with
the advancing shock front, at its point of intersection with the
ground, it was thought that an AMTI system might present the returns
more clearly than a standard radar set. If two indicators were
attached to the system, one to present the AMTI returns and another
to present regular radar returns, an overlay or combination of the
resulting pictures might provide more accurate measurements of the
IBDA parameters,

15
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1.1.3 bigh Information Content Study Systew QHICS)

This system utilizes radar set AN/APS-23 modified and operated
in accordance with the procedures resulting from the HICS study. The
radar picture resulting from these procadures was to have more
detailed information than is normally obtained from standard redar
sots opersted in the usual manner, and would therefore provide more
accurate measurements of the IBDA parameters.

1.1.4 Electromagnetic Wave Exveriment

During the course of an IBDA study contract, the contractor,
Vitro Corporation of America, proposed that the height-of-burst of a
nuclesr detonetion might be determined dy utiliging the electromagnetic
wave which emanates from a nuclear detonation. This could be
accomplished in an aircraft by measuring the time difference between
the receipt of the direct wave and the wave reflected from the ground.
Information regarding the characteristics of the electromagnetic
wave ag received on the ground is availabdle from several sources,
however, the characteristics of the electromagnetic wave as received
in an aircraft had never been determined. The instrumentation
employed was to provide the desired information.

1.1.5 rk IITI B eters

These Bhangmeters consisted of a yleld measuring device,
based on the light-time curve, and a clock mechanism to record
time-of-fall, which can be converted to the height-of-burst of a
weapon dropped from an aircraft.

1.1.6 JNevada Proving Ground Experiments
These are covered in deutail in Appendix A of this report.

16
SECRET - RESTRICTED DATA




CHAPTER 2

BACKGROUND AND THEORY

2,1  BACKGROUND

Headquarters USAT has placed upon Headquarters Air Research and
Development Command a requirement to develop an all-weather IBDA
system. By the use of this systos it wi.l vy novedhle te 2vulunte the
effect of nuclear weavons upon enemy installations, The IBDA
parameters which are collected by the strike aircraft or accompanying
alrcraft will bde used to determine the amount of damage inflicted upon
the target by relating the value of these parameters to overpressure
or by other suitable procedures. This correlation is not a part of the
activity of the agency developing the system to which the tests
described herein -~rtain. Advantages of such a system are odbvious,
Not only is operational planning of future strikes expedited, bdut also
the requirement for immediate post-strike reconnaissance will de
eliminated.

2.1.1 Previous Tests

Analysis of plan position indicator photographs taken during
Operations CROSSROADS, SANDSTONE, GREYNHOUSE, BUSTER-JANGLE, TUMBLER-
SNAPPER, and IVY indicate that the observed radar return results from
detonations of 3 KT and higher, when detonated under the conditions
which prevailed during these tests. The returns from detonations in
the Pacific Proving Crounds (PPC) area are much easier to obtain since
radar gain controls can be set higher due to the lack of continuous
ground painting, Furthermore, most of the detonstions at the PPG are
of higher ylelds than those detonsted at the NPG, which results in a
better radar return, However, it is helleved that ylelds of 15 KT
and higher can be detected over areas such as the NPG with moderate
care in the getting of the verious radar controls.

Since it has been proven 8,9/ that radar techniques can be
used to obtain the ground-zero parameter needed for IBDA, and radar
is an all-weather device, an IBDA system based on the AN/APQ-2L4 and
K-series bombing systems has been proposed to fulfill the requirementes

17
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of Headquarters, USAF, Since this IBDA system has been proposed and
placed in a development stage, new redar techniques had become
available which were believed applicable to the proposed IBDA syetem
or to a new and better IBDA system and UPSHOT-KNOTHOLE provided an

opportunity to determine the femsibility of the proposed techniques. .
2,2 THEORY

The cause of the observed radar return obtained from a nuclear
detonation has been discussed since the phenomena were first observed
during CROSSROADS, Many theories have been advanced, however as a
resvlt of their study contract, Vitro Corpor-tion of America has
recently steted that most of the observed results are consistant with
a theory that states that the radar return is due to the breaking up
of the earth or wate by the shock wave. The shock wave forces earth
or water into the air, theredby increasing the effective reflection
coefficient by increasing the aspect angle and by increasing the area
avallable for reflections. Murther detailed explanations may be found
in Vitro report No. KLX-1659 3/. -

The fireball cloud shadow, firet observed during BUSTER-JANGLE 8/,
ir 2 useful aid in determining groes errors in height-of-burst and
yield, The fireball cloud associated with a nuclear detonation
adsorbs redar energy for a varying time, dependent upon the yield
of the detonation. Therefore, a shadow is cast uoon the ground over
an area representing the firebsll cloud and this area appears on the
radar as an area of no ground return, hence the name "firebdall clouwd
shadow”,

The tests conducted during UPSHOT-KNOTHOLE indicate that there
is no "early dright spot return® from the nuclear detonation itself. .
Therefore, 1t is concluded that previously observed phenomena of this
type 8/ must be due to the shock wave's first intersection with the
ground, directly under the air durst, .

18
SECRET - RESTRICTED DATA




CHAPTER 3]

INSTRUMENTATION

3.1  GENTRAL

The instrumentation employed dy Project 6.2 was driefly
discussed in Chapter 1 of this report. The radar sets and Bhangmeter
are described in detail in the respective documents listed in the
bibdliography. The instrumentation employed by the airborne electro-
magnetic wave exveriment consisted of a lonp antenna to receive the
direct and reflected electromagmetic wave. The aignals were then
presented on a DuMont type 294A os~illograph. A Polaroid land camera
and a Warrick Model F continuously moving film camera were used to re-
cord the signals presented on the oscillorraph. Detalled information
regardinz this experiment may de found in Vitro report, KLX-1659 3/.

The radar data obtained by radar sets AN/APS-ULB(XA-1), AN/APS-43
(XA~1) and AN/APS-27(XA-5) were displayed on a plan position indicator
and also as an "A" type presentation on DuMont type 294A oscillographs.
The radar set plan position indicators were photographed with type 0-15
Recording Cameras and the "A" presentations by Bell and Howell high
speed motion picture camerns and Warrick Model T continuously moving
film cameras. The inatrumentation used and the modifications required
in the radar sets is covered in BUSTER-JANGLE report Wr-3il 8/,

The Rirsh Information Content Study syatem consists of A basic
radar set AN/APS-23 modified by the addition of an "electronic gray
wedge" which eliminates the bright center that is characteristic of
radar displaye; an "anti-halation® circuit in the PPI {ndicator to
remove the bright spot in the center of the indicator tudbe; specially
focused 0-15 racordins camera with matched film magazines: a tri-
metrigon installation of K-17 aerial cameras tripgered by the radar
soet; and improved mirrors in the 0-15 recording camera optical system,
In addition, a second indicator was employed which wea photographed
by an 0-9 camera giving a 1:1 photopraphic recording of the radar
presentation.

The instrumentation employed by the NPG portion of the project
ia covered in Appendix A of this report, and in somewhat grenter detail
in Vitro report KLX-1658 12/,
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CHAPTER 4

OPERATIONS

4.1  ATRCRAFT

The three B-29 atrcraft asgisned to this project operated from
Xirtland Afir Force Base, Albuquerque, New Mexico, throughout the
operation. At the NPG the aircraft were positlioned in space at what
was considered optimum positions for the techniques under test. In
general, the positioning was not critical and the aircraft were some
8 to 10 miles slant rangze from pround zero at the time of detomation.
The aircraft were under the operational control of the 4925th Test
Group (Atomic) and followed the operational plan and iastructions
pudblished dy that organization.

b2 UIPMENT, ATRRORNE

In general, the instrumentation employed was calibrated and
adjusted prior to each shot. The procedures employed were not unique
in any respect and are tharefore not considered of suffictent
{mportance tn include in this report.

4,3 IQUIPMENT, NEVADA PROVING GROUND

This is covered in Appendix A of thils report and in greater
detail 1in Vitro report KLX-1658 )2/.
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CHAPTER §

RESULTS AND DISCUSSION

5.1  GENERAL

The airborne prrtion of this project was performed to gather
qualitative information from the techniques employed as they might te
applied to an IBDA system. The results obtained were pictures of
radar Plan Position Indicators showing ground zern, the radar return
received from a nuclear detonation and the cloud shadow phenomena
which has been observed during previous tests. Sample pictures of the
results obtained are not included in this report. Report reproduction
techniques degrade radar pictures to the extent that it decomes
difficult for the reader to distinguish differences that are apparent
when viewing glossy prints or the original film. TFurthermore, sample
pictures of nuclear detonations as viewed on X-band and Ku-band radar
sets amy be seen in GREENHOUSE, BUSTER-JANGL? and TUMBLER-SNAPPER
reports, which are listed in the bdbidliography. Therefore, only verbal
results are presented for the techniques tested.

The NPC portion of this pruject is covered in Appendix A ot this
report.

5.1,1 Radar Set AN/APS-U48 (XA-1)

Thig radar set was used in 10 of the 11 shote. No data were
obtained from two of the shots because of equipment malfunction, and
from one shot because of the film being fogged by radiocactivity., Of
the remaining seven shots, radar returns were observed from three
shots. When radar returns were obtained, the returns were visibdle
for many more frames than obtained from a standard radar, however,
due to the power and antenna limitations of this radar set, the
overall presentation was very poor and not as detailed as that obtained
by standard radar sets. Therefore, the technique of fast scan radar
is concluded to be desiradle dut certatnly this particular radar set
is not applicable to IBDA,

21
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5.1.2 Badsr Set AN/APS-27(XA-5)

Unfortunately this radar set was installed in an airecreft
wvhich failed to participete in three shote hecause of engine failures.
The aircéraft was not scheduled to participate in two shots, and the
rrdar set failed on one shot. Of the remaining five shots, radesr
returns were observed from three shote. During the operation it was
noted that this rader set vas extremely susceptidle toc interference
from other radar sets in the general area, which makes its application
to IBDA highly questioneble. The AM™I technique sppears to dbe
applicadble to IBDA to detect the radar return associsrted with the
advencing shock front. However, an AMTI technique must te developed
that eliminates, or reduces appreciably, the Jjamming valnersbility
vhich this reder set now hss,.

5.1.3 Badsr_Set AN/APS-U43(XA-1)

This radar set was installed in the same sircraft es radar set
AN/APS-27 (XA-5), therefore it was not used on five of the 11 shots.
Of the remaining six shots, rader returns were obtained from four shots,
The results obteined from this radsr were far superior in quality to
those obtrined by radar set AN/APS-UE(XA-1). This was expected, since
thie radar set has higher power output and a larger sntenna which will
provide a picture which contains greater detail and has better
definition.

S.1.4 High Informstion Content Study System (HICS)

The HICS system was operated on eight of the 11 shots, Of
the eight shote, radar returns were obtained from six shots, however
several of the returns ere of doubtful value for IEDA purposes. Radar
returns from three of the shots were considered satisfactory for IBDA
purposes. In general, the techniques employed in the HICS system
fhanld ha nasd whan thev ara uvetiahla in atandard radara. Na maricad
difierence in the quality of the radar returns wes noticed to the
extent thet the techniques should be considered a necessary part of
an IKDA system,

5.1.5 Electromagnetic Wave Experiment

This experiment was verformed by Vitro Corporation snd is
renorted in great detail in their revort KLX-1659 3/. In general,
some informetion was obtained concerning the nature of the electro-
magnetic signals received dy eircraft from nuclear detonations.,

There may be a correlation between yleld and the amplitude of the
electromagnetic sirnel but there was not encugh data to confirm this
belief. The clectromagnetic signalswere much more complicated than
originally anticipated. As 2 result of this, the direct and reflected
signals were d4ifficult to distingvish. A consideradle amount of
Juigment was required to decide which part of the electromegnetic
signsl was the 8irect signal and which part wes the reflacted signal.

22
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This situation makes thig method of burst-height measurement sudbject
to substantial error. Assuming the interpretation of the electro-
magnetic signals to de corract, this method of messuring dburast height
1s subject to very serious errors for burst heights on the order of
500 £t or less. For such smrll hurst heipghts, the value calculeted
by this method may be as much as five times too larpge., TFor burst
heighte on the order of several thousand feet, arrors up to 50

per cent may be exnected.

5.1,6 Mark III Bhengmeters

The yield measuring portion of the Mark III EFhAangmeters
performed quite satisfactorily, as evidenced by the results tatulsted
in Tedle 5,1, The time~of-fall mechanism friled to provide satie-
factory results, which is attributed to poor mechanicel desien of the
clock mechantem. Project emircraft were not scheduled to perticivn=te
in Shot 6, therefore no reference to Shot 6 svperrs in Tatle 5.1,

Tt will he noticed in Table 5,1 that on Shot 11 two of the Bhangmeters
received results that were not uvsable bacesuse of » poorly defined
minimum. Thia weg the result of adding protective filters to the
nhotoheads, which caused the 1isht cnrva ninimum to fall in the dase
1ine making it imnoeesidle to determine ihe mininum point on the curve.

It i{s penerslly known that the formuls used to relate yleld
to time-to-firat-minimum 1s one which s derived emniricslly. The
yields given in Teble 5.1 are based upon the formla

Y - 0.085 t2 (5.1)
where Y+ yield in kilotone
t « time to firat minimum in
milliseconds

Formula 5.1 i{s recommended by the Mark III Bhangmeter manufacturer,
FAsartan. Garmachansan & Grier. na the one best suited for use in the
NPG area, conaidering the size of the nuclesr devices detonated.

Attention 1s invited to the results obtained on Shot 3 by all
Bhangmeters. It is only falr to stote that there is not a clerrly
defined minimum for shots of this small size, However, if the person
interpreting the rerulte uses good judgment, fairly realistic results
can be obtained.
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TABLE 5.1 - Mark 1II Bhangmeter Results

<wor RAD. CHEM] BHANGMETER YIELD, KT
H Y:(ETL 0 SERIAL"| | SERIAL"2| SERIAL"3 | SERIAL" 4
NOT NO NOT
! 16.2 | nsTaLLED| RESULTS | INSTALLED| !6°6
NOT AIRCRAFT | AIRCRAFT
2 24.5 ||instaLLeo| 275 | "ABORT | ABORT
' 3 0.20 0.34 0.53 0.53 0.34
TRACE NOT|AIRCRAFT | AIRCRAFT
4 11.0 i10.3 NOT
READABLE MO ep | ScHEDULED
AIRCRAFT | AIRCRAFT
i 26 26 ABORT | ABORT
7 | 43.4 | 37.4 | 37.4 |MEEORTT | AenatT
8 27 27.5 32.3 27.% 29
9 26 27.5 24.6 26 26
10 14.9 16.6 17.9 14.4 19.1
RESULTS RESULTS
NOT NOT
il 60.8 USABLE 62 USABLE 62
POOR POOR
MINGMUM MINIMUM
24
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CHAPTER 6

COXCLUSIONS

6.1 RADAR TECHNIQUES

The radar techniques tested, i.e., fast scan radar, HICS system,
and AMTI principle, are all desireble and could probably be used in an
IBDA system to assist in odtaining the required ground zero puramevér.
However, none of the techniques, individually or collectively, could
be considered importent enough to warrant the development of a special
system for IBDA utiliging these techniques. In the futurs, when
standard bombing systems are availabdle which include these techniques
as part of the bombing system, 1t is the opinion of the writer that
the ground zero parameter will be obtained with greater ease and
probadbly more accuracy than it can now be obtained with the AN/APQ-24
and K-series bombing systems,

6.2  ELECTROMACNFETIC WAVE EXPERIMENT

The use of the electromagnetic wave is not considered a
practical mathnd for macanringe ths haight-of-burst of nuclesr wespons.
It 18 poesidble that this method might be developed into a useful
method in the future. However, such a d2vice wculd require a con-
siderable amount of further development as well as refinement of the
techniques used on this experiment, Even then, owing to the complexity
of the electromagnetic signals, it would not be possiblie to decide on
the feasibility of this method until a considerable amount of information
had been obtained about the characteristics of electromagnetic signals
emitted by nuclear detonations,

€.3 MARK IIT1 RHANGMETERS

It can be concluded that the technique employed for measuring
yield is satisfactory. However, the time-of-fall mechanism muat Ve
redesigned for relisdle operation.
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6.4  NEVADA PROVING GROUND EXPERIMENTS

As a result of the refraction experiments performed at NPG it
was concluded that the refraction of a radsr beam, which is in close
proximity to the fireball cloud, was too small to be measured in the .
presence of other large scale effects. Based on these results, it
can be said that refraction ie negligible and can therefore de
ignored in IBDA data reduction procedures.

Results of the experiment designed to detect radar returns from
the fireball indicate that there is no racar return from the fireball.
The phenomena obgerved by airborne rader, the annular return and the
fireball cloud shadow, were not detected in this experiment. Therefors,
it can be concluded that any "bright-spot" returns observed on radar
PPI's are not a result of reflections from the fireball but are
prodbably caused by tha shock wave when it first hits the ground. It
can be further concludad that the annular ring normally observed by
eirdorne radar sets is a return from "radar reflectors" which are on
the ground. Since the antenna depression angle of this ground '
operated radar was very small, it appears that the height of these
¥padar reflectors” is too amall to cause a radar return, however, the
depth is sufficient to provide a return to rader sets which are
airborne and have an antenna depression angle of approximately
45 degrees.
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CHAPTER 7

RECOMMFNDATIONS

7.1  RADAR TECHNIQUES

None of the techniques tested contridute sufficiently to an
IBDA system to warrant the development of a special system Z2or TEDA,
Therefore, it is recomnended that the techniques be used as applicable
when they become available as part of standard domdbing radar sy stems,
It is further recommended that o‘her new techniques, applicadle to
IBDA, be evaluated in {future tests,

7.2

3 Ha B H &E& ?MQM I MR Mmoo

7.3 NEVADA PROVING GROUND EXPERIMENTS

It is recommended that the results obtained Yy the Project 6.2
ground experiments at NPG be considered conclusive and no further
effort be expended on this type investigation.
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ABSTRACT

The obiectives of Project 6.2 participation in Operstion
UPSBOT-KNOTEOLE at the Nevads Proving Grounds, were to investigate
the refraction of electromsgnetic radistion passing nesr the fireball,
to obtain fundamental data concerning the various phenomena
associated »ith a nuclear detonation Yy observation of the direct
radar returns, »nd to ascertain {f a correlation exists between any
of the varions characteristics of the returns snd the ytelde of the
detonatione.

To accomplish these objectives two oxoorimental syatems were set
up., Besically, the instrumentetion for the refraction exverinent con-
sisted of a radar transmitter with its antenna aimed immediately past
the firetell at an 2rray nf reder receivers in direct line of sight
with the radar tranemitter snd the firedbdall, The time hietory experi-
ment wes instrumented with » radar set AN/APS~42 and a DuMo-t 294
oscilloscopes on which the returns were disolayed ~nd photog: .phed,
vulse by pulsa, with s high-apeed camera.

The refraction of the radar beam was too small to be resolved.
Radar reflection from the firedall was not observed. The annular
r*ne and the cloud shedsw were not detected. However, on all experi-
ments larpe fluctuationa of nitnal amplitudo wers preseut The region

R I
.:,.'.'. - eegr _-g,.....: Sug e sw— Vi -ﬂs.jmu\ \luuvﬁa\lLV JLI)MI gruunu $6I0.
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APPENDIX A

NEVADA PROVING GROUNDS EXPERIMENTS

Al OBRJECTIVE

A.1,1 General

The purpose of this portion of Project €.2, wes to observe re-
fraction effacts of rader waves in the vicinity of an atomic detonation,
end to observe direct redar returns frowm the flioball of the
deton=tion. Two different tyvpes of experiments were made during
Operntion UPSHOT-KNOTHOLE for this purpose,

A,1.1,1  Refrrnetisn Bxveriment

The refrection exveriment was designed to determine if re-
fraction occurs, and to what extent, when elactromagnetic radiation
from a radsr tronsmitter DANBEA near nn stomic detonation. Previous
reduction of radar dnta hes heen wnde with the assumption that electro-
magnetic radirtion is propageted rectilinesrly in the vicinity of the
firedball, The occurrence of refraction would recuire that some
sorrection factor be introuduced,

A.1.1.2 Time History Experiment

In the time history exveriment, radsr returnes from the
fireball ares were observed, This exveriment hed a duel purpose:

a. To determine if the direct radar returns would provide
any fundemental data concernine the burst phenomena.

b. To determine if anv correlation exists between the

charecteristice of the rndar returns and the ylelid of
the nuclear detonstion.
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A.2  BACFGROUND AND_THE0RY

A.2,1 Generrl Backgrovnd

During Operation CROSSROADS in 1946 an experiment was
conducted, ss a matter of scientific interest, to determine the
effacts of a nuclesr deton~tion on the performancs of radar systems.
Por the first time radar returna reflected from the vicinity of
ground zero were observed.

In 1950, Hesdquarters, USAF, requested Wright Alr Develovment
Center (WADC), Wright-Patterson Air Force Base, Ohio, to devise an
Indirect Domd Damage Assesgment (IBDA) system. This system wonld de
capable of mersuring the three parameters, ground gzero, height of
burst, and yield, which are required to assese ind'rectly the damage
cauged by a nuclear detonation. Any aircraft in the strike cell
including the drop aircraft, must be able to obtain the data necessary
to determine the desired parameters.

The Aircraft Radistion Ledoratory (ARL) of WADC proposed that
a radar system, used as the sensing device, wouvld provide a dbasis for
an all-weather technique. A preliminary syestem was then formulated
to determine height of burst and ground zero of a muclear detonstion
from a sejuence of photogravhs of the radar returns from the
detonation as seen on a Plan Position Indicator (PPI) rader scope.’

During operations GREENHOUSE, BUSTER.JANGLE, and TUMBLER-
SNAFPPER, the instrumentation wee improved and some quantitative data
were obtained,

A.2.2 Refrection Wxveriment

In reducing the radar data, all electromegnetic radiertion was
assumed to trovel in straight lines. Since some rays emitted by the
reder antenna Dase nesr the firebs1ll during e messurement, such rays
may suffer aovprecirble refraction. If a substanti=l amount of
mafunntinn Anar necar, m o wethod must o 2ztlzed ta maka allawence
for i1t in the data . duction vrocess. The refrsction exveriment
descrided in this avvendix is an attempt to supply the required
informstion.

A.2,3 Time Aistory "xveriment

While direct radsr returns apparently had been obt=ined from
nuclear detonaticne, more complete data on direct returns was desired.
In particular, it was desired to study the radar returns for a number
of test shots to determine if they would provide any fundamentasl infor-
mation concerning the detonatica, It was of perticuvlar interest to
determine if the amplitude and duretion of the rsdar returne could bde
correlated to the yield of the detonetion. The time history
experiment was designed to provide this informstion.
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A.3  INSTRUMENTATION

A.3.1 Refraction ®xvmeriment

A.3.1.1 Fundamental layout

Instrumentation for the refraction experiment consisted of
a radar transmitter with its antenna aimed immediataly past the
fireball at an array of radar receivers in direct line of sight with
the radar transmitter and the fireball. (See Fig. A.1.) The changes
of the transmitter antenna radiation pattern were observed by noting
the variations of signal intensity at the line of radar receivers,
The antenna radistion pattern was measured immedintely prior to the
burst and the recorded signels at the receivers permit it to bve
determined at any time during and after the burst. The change in
poeition of the pattern axie, compared to its pre-burst position, is
a measure of the amount of refraction occurring.

A.3.1.2 Mixer eond Delay Amplifier Unit

The radar pulsee detected at the line of receivers were all
displeryed on an oscilloscope simltaneously. To accomplish this, the
eignal recelved at any particular siation was Z2% 4nl0 & wixing
eircult and combined with the signels received at the other receiver
stationa., To separate and distinguish the various pulses, a delay
of avproximately 10 microseconds was introduced at each station so
that the radar pulees would appear sufficiently far apart on the
oscilloscope trace so that they could be individually measured.

Video amplifiers were incorporated at each station to com-
pensate for the attenuation caused by the long coaxial lines between
receiver stations. The entire process of mixing, delaying, and am-
plifying was repented at each receiver station and, ultimately, the
signals were applied to she inout of a DuMont type 294 oscilloscope.
This oscilloscope has excellent response characteristice and a very
high accelerating potential which allows the photographing of fast
transients. (See Fig. A.2.)

A.3.1.,3 Radar Transmitter Antenna and Radiation Pattern

The rrdar transmitter 1 %ilized a 60-in. paradolic reflector
antenna, This antenna has a 1.7' oeam width between the half-power
points at the X-band radar frequency of 9375 megacycles, the
oprrating frequency of radar set AN/APS-L2,

A minimum of five points were required to delineate the
broad over-all outline of the radiation pattern of the antenna. For
this reason, the angular sevaraticns between the receiver stations as
measured from the t ransmitter werae set at 0.425° each. Since maxi-
mum devistion of 3° was anticipated, 16 receiver stations were used
in the receiver line. This allowed for two receiver stations on
either side of the exvected end pointe of the detcctor line as a
margin of safety.
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Bacruse the distance between the receiver stations was a
function of the distance from the radar transnitter to the receivers,
the separation hetween the recelvers varied from shot to shot from
500 to 800 ft. With 16 stations in the receiver line and an 800 ft
separation between receilvers, the receiver line extended 2.3 miles
from end to end. (See Fig. A.3.)

A typical, although idealized, antenna radiation patter:n
as detected at the receiver array is shown in Fig., A.4. In this fig-

ure, the transmitter antenna was centered on receiver station No, 5 and
examples are shown for both ths situations with and without the presence

of refraction,

A.3.1.4  Synchronization Networik

To main*ain the received signal pulses at the correct
relative position on the oscilloscove trace, an external signal was

applied to the oscilloscope to initiate the sweep. This sweep signal

was synchronized with the pulses from the radar transmitter so that
an oscilloscope trace was initiated just nrior to the arrivel of the
slgnale at the firgt receiver. The synchronization loop was provided
by installing a radar receiver at the original transmitter site and

a second redar tranemitter off to one side of the receiver line.

(See Fig, A.5.)

The synchroniging transmitter, radar set AN/APS-lO. was
placed far to one side of the receiver line to minimize the
poseidility of the burst dlanking out the synchronizing signal, The
synchronizing signel was sent simultaneously dy coaxial line to the
oscilloscope and by sir to the synchronizing receiver,

To prevent other radar signals from triggering the AN/APS-U42
transmitter, both the synchronizing transmitter and the synchronizing
receiver weres equipved with 60-in. parabolic reflectsr antenna heving
o narrow besm width 1,7° and » gain of 32 d% each. This resulted
in a very strong signsl at the synchronizing receiver, allowing the
receiver sensitivity to he reduced and thereby decreasing the
possibility of trigegering on spurious signals.

A delay circuit was sdded between the oscilloscope a2nd the
synchronizing transmitter to allow sufficient time for the syncihronize
ing pulse to travel to the synchronizing receiver, trigger the AN/APS-
42 rader transmitter, and still allow adequate time for this newly
transmitted pulse to arrive at the receiver line. The delay time, of
the order of 200 microseconds, was provided by a TS.592 pulse
generator modified to provide the extra long delay required.

A3.1.5 Sjite Considerations

Site selection was a prodlem of considerable megnitude.
Besldes teing spaced at 0.425° from each other, the receivers all had
to be situnted in a horigontal plene. Since the receiver line had to
be menned, the receivers could be sitnated neither closnr than 7 miles
to ¢round sero nor north of the access road to the airstrip, in
accordance with ABC regulatione, Furthermore, due to the dlast
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PULSE AMPLITUDE

N\
/ N WITHOUT
REFRACTION

S

TRANSMITTER BEAM CUNTERED ON RECEIVER NO.S
BEFORE DETONATION

TRANSMITTER BEAM SHIFTED TO REGEIVER NO.II
AFTER OETONATION

\ WITH
NL  REFRACTION

,F,_.)

R TR A AR AR IR Y I A NS R R |
4 9 ¢ T 8 9% 10 1t 12 13 14 18

RECEIVER STATION NUMBER

THE ENVELOPE OF THE PULSES IS AN INDICATION OF THE
ORIENTATION OF THE TRANSMITTED ANTENNA RADIATION PATTERN

Fig. A.4 Typiosl Oscillosocope Trece Showing Amplitude of Pulses
Arriving at Receiver Line
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proassure, the truck housing the synchronizing recsiver and the
AN/APS-L42 radar transmitter could not be located closer than 6 miles
to the hurat lest the 60-in. paradilic reflector antennas get damaged
by the bdlast.

In spite of the fact that the truck-mounted AN/APS-U42 trans-
altter was maintained a minimum of 6 miles from ground zero, bdbraces
were installed on the side nf the van opposite to the durst to prevent
the capeizing of the truck by the hHlast pressure 5f the shock wave.

A.3,1,6 Modility of EZquipment

Becnuse line of sight through the burst had to be maintained
between the AN/APS-/i2 transmitter and the receiver line, it wes
necessary to relocnte the test sites for ench shot. For this reason,
it was imperative that the equipment be readily transportadle from
place to place.

The AN/APS-L2 transmitter and the synchronizing receiver
were both mounted in the some truck, while the two generators supply-
ing power to these were trailer mounted. Therefore, all equipment at
this site wre easily moved.

The equipment for onach receiver station, including the
battery power supply, was installed in a wooden instrument . helter
which was easily caerried about from one site to another by loading
1t with an A-frame on a 2-1/2 ton truck.

The equipment for the oscilloscope site and synchionizing
transmitter site, however, was installed in light frame shelters with
8 x 12-ft. floor size and mounted on wooden skids eo tha’ they could
be dragged about behind a 2-1/2 ton truck,

A.3,1.7 Cable Relocation for Each Shot

Both the coaxinl cadle and the field telenhone lines that
were strung out between receivers had to be picked up and relaid for
every shot. Since ovar 2 miles of esrch were used, this was 2 prodblem
of considerahle importance.

J Ting Histuiry aoorlment

i.3.2.1 Fundamental Layout

The time hintory (T9) experiment, the aim of which was to
study the direct radar returns frcm a dburst, was much less involved
than the refraction experiment just described. The instrumentation
for this phrce consisted of a standard radar set AN/APS-12 and a
DuMont type 294 oscillloscome, nn which the returns were digplayed »nd
vhotogranhed, nulse for pulse, with a high-gpeed camars. The redar
antenna, which was the standerd antenns ordinarily used with the
AN/APS-U2, wns centered on the exvected burst position and locked into
placa. The antenna has a beam width of 5-1/2°, This site was located
west of the control point and from 8 to 14-1/2 miles from the various
ground zero locations.
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A.3.2.2 Antenna Mount

Because of the distance from the TH gite radar system to
ground zero, it was important that the antenna not move about, once
having been locked into position on target. To minimize movement
by the wind, the antenna was mounted on a rigid frame firmly imbedded
in the ground, and was separated from the instrument shack itself
since the shack would shake appreéiably in the wind.

A.3.2.3 Modifications to Radar Set AN/APS-U42

The radar set was modified to the extent that the video
signel was no longer cut off by a limiter stnge so that the pulces
presented on the cscilloscope were proportional to the signal intensity
received at the radar antenna. A delay circuit was introduced between
the radar set trigger signal and the sweep circuit of the oscilloscope.
Thus, any portion of the sweep of particular interest could bde expanded
on the oscilloscope and studied in deteil.

Radar set AN/APS-42 operated on an X=band frequency of 9375
megacycles and had a pulse repetition frequency of 780 pulses per
second. The voltage supply requirements were 28 volts d-c and 115
volts, 400 cycles a-c. (See Fig, A.6,)

A.3.3 1liary Refraction eriment
A.3.3.1 General

It was leerned thet a unit from the Naval Electronice ladb-
oratory (NEL) would be observing the detonation with a radar system
which had a very high rate of scan (20 scans/sec)., Arrangements
were made to have this unit arrive at NPG one week earlier than
originally planned, to participate in une of the shots ior the purpose
of investigating radar refraction phenomenon. This experiment had two
objectives: to obtain additional data concerning the refraction by the
fireball of electromagnetic radiation in the region of radar frequen-
cles, and to obtain some idea of the feasibdility of using a fast scan
radar system and corner reflectors to c¢dbasorve this refraction
phenomenon.

4,3.3.2 Tundamental Layout

The instrumentation for this experiment consisted of the NEL
fast scan radar system and five radar coraer reflectors. The data
were recorded on film by photographing both the PPl scope and the
magnified B-scope sector presentations. One photograph was taken for
each scan of the antenna.

A.3.3.3 Orientation Conglderstion

The radar set was placed at a convenient site to command a good
view of the shot tower, The five corner reflsctors were so positioned

Lo
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that the first was practically on the line of sight through the shot
tower and the radar set. The four remaining reflectors were in the same
horizontal plane as the first and spaced at 1/20 intervals from each
other. (See Fig, A.7.)

The reflectors at a greater angle from the line of sight
through the shot tower were placed closer in range, Since the NIL radar
system has an azimuthal resolution of approximately 5°, this variation
in range made it possible to resolve the returns from the reflectors
spaced at 1/20 intervals,

A.3.3.4 Phenomenson Obeervad

By observing the nosition of the redar reflectors indicated
on the PPl scooe, 1t was nossihble to determine whether or not any
refraction of the electromngnetic radiation too place. (See Fig. A.8)

Previsus t7 the detnnation the rader bYeam praceeds along
the prth C and the reflectnr is inlic.ted an the PPI presentation at
its actual positisn A, After T,, assuning that the beam is bent in
toward the burst, the rad~r besm travels alons nath D, Consequently,
to the redar system, the reflector has rhifted ¢tn ovneition B, changing
not only the azimth hut almro the ranse sincs the nath length for 1
18 lonper than that for C. This shift of the postition of the
raflaotor fe = oantipnane procens and e not A sudden teanaition frem

3 I n~ hormﬂrn ha chnm 1n ronea for an nE roa nh}

38# d ; ﬁklﬁitn ”nﬂbll 1r10 ﬂm 11“ ;dxwrhl t!nﬂoia l& ln

bettor to measnre the ammarent lateral shift nf the reflectnrs.
AL OPRRATIONS
A4,1  Genarnl

As the test operntion nrn-ressed, it was found necessary to
meke minnr alterations in the orierinal exverimental layont ~nd to
make minor modific-tinans in the electronic equinment. Thene elter-
ations and modificetions are not considered of sufficient importance
to inclnde ~s part o' this report. Det~ils may be seen in Vitro

eseyeswe oy [ R .z:
ey LT

The {nstrument=tinn emnloyed was set up ~nd calihrated nrior
tn each shot. The celibration procedures =re not constdered unique
and therefore, are not merde a nart of this apnendix. Consideradle
difficulty was encontered in pronerly aligning the 60 in. vparadolic
radar antennas, however, considering the narrow 1.7° antenna beam width,
this difficulty was to be expected,

After esch shnt, the exposed film wag sent to the project
officer nt Firtlend Air Torce Trse via the Indian Springs Air Pnrce
Bare -~ ¥Tirtlisnd Air Torce ®ese Shuttle aircrof4t, The film was
processed by "West Ladb" nf Sandim Zoruoratisan. The nro.lect officer
aade a cursory exaninetion of the nrocessed film »nd renorted eony
dscrepencies to the NPG versonnel nrior tn the next shot.
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Fig. A.,7 Orientation of Reflectors, Tower, and Radar Tranmitter for
Refraction Experiment Using Fast-Scan Radar
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tion of Radar Beam as Seen on PPl Indicator of Fast-Soan Radar
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A.5 RESULTS
A.5.1 General -

The data for the various experiments were recorded on film,
Measurements were made later from the film with the uee of 2 film
reader which magnified the image 18 times,

All available data were analyred and graphs were plotted. It
wus considered unnecessary to include the graphs in thtes appendix,

A.5.2 Refragtion Experiment

Tor this experiment the oscilloscope display of the signels
from the individual receivers was photographed trace by trace, ZEach
trace showed a pulse for each recelver within the transmitted
radiation pattern,

The amplitude of ench pulse on a recos,ded trace was measured
in centimaters as presented nn a film reader with a magnification of
18, These amplitudes were graphed in two fashions: a plot was mede
of the pulse amplitude for each receiver as a fuanction of time
(frame number); and the pulse amplitude was plotted as a function of
azimuth (recetiver station number) for several specific time instants,

Since the base line of the trace wes quite distinct, there
was no difficulty in choosing a reference line, TFrom this reference
line the maximum value of each pulse was measured and recorded. The
cameras were started 5 sec before T, and operated for about 30 sec.
Consequently, much more drta were available for reduction than was
slgnificant to the erperiment, Fence, the data reduction was begun
at an arbitrary point prior to T,, depending upon the activity of the
pulges, and was continued for as long a period after T, as required
to include all the pertinent activity. Physical properties of the
burst were taken into account in determining when the pertinent
activity had ended. Not every trace was measured during the period
of pertinent return, For example, when the amplitude of the return
from a given receiver varied slowly, measurements were not made as
frequently ss in the ceses when the amplitudes chrnged rapidly with
time. Consequently, during periods of quiescence seversl frames of
data were omitted. The frequency of measurements of the pulse heirhts
is variable depending upon the activity of the radar returns.

A.5.2.1 Shot 1, 17 March 1953

No data obtained dbecause of equinment failure.

A.5.2.2 Shot 2, 24 March 1953

The graphs of pulse amplitude versus time (frame number)
show a period of relatively little change for aporoximately 0.1 sec
after T_, then the signal strength at each of the receivers fluctuated
widely %or a pariod of about 0.4 sec. The receivers closer to ground
zero realized this fluctuation first, while those further away received
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it progressively later, Thie oscillation of signal strength was much
greater for those receivers nearer the burst than for thoece farther
away. The frequency of this siznsl strength oscillation was of the
order of 200 cps. The receivers closer to ground zero were blanked out
and received no signal when they apparently were in the cloud shedow.
This blanking began at the statinn nearest ground zero, moved out to
include several stationa, then sterted ¢o move dack in again when the
measurements ended.

A.5.2.3 Shot 3, 31 March 19953

On this shot the yleld was unexpectedly low »nd the bdlue dox
did not trip. As » resnlt, there is no T, indiceation »nd the data are
too embignovs to be of sny value, since T, cannot he determined from
the return characteristics.

A.5.,2,4  Shot L, 6 April 1953

This shot wes an air burst and the refraction experiment
was not perforned.

A.5.2.5 Shot 5, 18 April 1953

Because of the topography of the Nevads Proving Grounds it
was not nossidle to perform the refraction experiment. Instend a
control experiment wes conducted in which no radar transmitter was
used. The data are not tabulated but the film shows no change either
at Ty or later. This indicates that the effects observed in the other
experiments were not due to electromagnetic radiation emitted by the
burst or to any other effect of the burst on the experimental equip-~
ment.

4.5.2,6 Shot 6, 11 April 1953

Again, a marked oscillation in signal strength occurred
which seemed to move ont from ground zero with time and decressed in
intenyily s it moved out. The receivers with the higher nuabers were
closer to ground zern while those with lower nunbers were further
away. Receiver Nns. 8, 7, and 6 receivad the signal oscillation
immedistely at T, with No. 8 settling down first, then No. 7, and
finally ¥o. 6. Receiver No. 5 apoerently saturerted snd voroduced no
ugeful signel dut No. 4 and No. 3 both later exnerienced the large
amvlitude oscillations which aoparently had a freaquency of abtout 90 to
100 cps. Receiver No. 9, ne~rest to ground gzero of =11 receivers
within the transmitter antenna redi-tion field, was bdlanked out
immedi-tely at T, with No. 8 and No. ? beconing blanked successively.
The signals returned to thoas receivers in the order 7, 8, and 9.

After the lergs amvlitnude oscillations, which lasted adout
0.1 sec, the receivers went through a strge of s very slowly oscill-
ating chenze in signal strength. The amplitude of these oscillations
:}:.;nirly small compared to the wild oscilletions experienced right

Qe
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The plots of signal strength versus azimuth (receiver
station number) showed no change in the pattern with time if the large
amplitude oscillertions and the blanking out of receivers Xo. 7, 8,
and 9 were not considered.

About 8 sec after T, a second distrubance caused an
oscillation in signel strength at the receivers. This distrubance
affected the outer receivers first, then moved toward ground gero.
This oscillation was of much emaller amplitude than the first and its
frequency was of the order of 0.1 to 0.5 cps.

A.5.2.7 Shot 7, 25 April 1953

A gharp bdreak occurred at Tr with the signal from all
receivers dropping to the noise level ’‘or two frames. After two
frames (0.0025 sec) all the re.elvers except No. 10, which was most
directly in line with ground gero, recovered somewhat and sterted a
small and slow oscillation. Receiver No. 10 did not recover through-~
out the data recording period of 10 sec. Meanwhile, the wild oscil-
lation observed on the other tests occurred first on No. Y, then in
succession to receiver No. 1, The frequency of the oscillation was
of the order of 100 cps and lasted longer at those receiver stations
further from ground zero.

A short time after T, (0.03 sec), receiver No. 9 blanked
out followed successively by receivers No. 8 through No. 3. The
signals then reappeared on all receivers in the reverse order.

About 6 sec after T,, the second series of signal intensity
oscillationg sppeared, affecting successively receivers No. 1, to
Fo. 9. This oscillationwas of the order of 10 cps and the disturbdance
apparently moved toward ground zero at a much slower rate than the
first oscillations moved outward,

A.5.2,8 Shot 8, 19 May 1953

In general the same features are apparen' as for the
previous cases. The portion of the beam nearest ground zero was
Ylanked out and resppenrad Inter A wilF apsdliaties d4- ke elenn)
strensth moved outwerd from g¢round zero »t first and then dack again
at » much later time. The frequency of the first oscillation was of
the order of 250 cps while that of the second oscillation was 0.2 cps.
For this case the antenna was centered on receiver No. 4 and the pulse
smplitude from receiver No. 4 prior to T, was the maxizum of all the
receivers,

A.5.2,9 Shot 8

This was a2n air burst and the refraction experiment was not
performed.

A.5.2.10 Shot 10, 25 May 1953

This was an air durst and the refraction experiment was not
performed.,
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A.5.2,11  Shot 11, & Junm 1953

- e o

This was an air dburst and the refraction exneriment was not
verformed,

A.5.3 Time History Exveriment

The data for this experiment were also recorded or. £{la dut,
unli¥e the refractinn experiment, both high-speed ard low-sneed
cameras were used to photoeraph the oscllloscope trace. As defore,
the high~speed camera photogrrphed each oscillnscope trace but the
low-3peed camera superimnosed two or three truces on eech picture
frame. Menaurements were mede on bYoth the low-speed and high-speed
films using the same techniques,

In the Zirst few shots the gain of the radar receiver was set
8o low that no ground clutter appeared on the trace. As a result, the
base line on these films wnas sharp and it was not difficult to
estadblish m reference line for the determination of pulse amplitudes.

In the later shots the gain was set relatively high and the
ground return made establishuent of s suitable dase line more
difficult. Beceuse the film wes transported through the high-speed
camera with a continuous rather than an intermittent motion, the
trace sloped downward with a slope oroonrtionel to the oscilloscope
trace nween rote. Furthernore, the mounterins in the background
produced more ground return than 414 the intervening valley, ceusing
an annarent slove to tha traca. Hence, tna selection of a base line
wag largely a matter of judement. This factor, although important,
was not critical if choice of base line wss consistent from trace to
truce for » given poartinn of the trace since the variation of the
pulgse amnlitnde rather than the absolute amolitude was of concern.

The frequency at which meesurements were taken was determined
in much the same fashinn as 1in the refractinn experiment. When the
chanre in amplitnde of o given pulse wes smell from trace to trace,
mensnrements were not mede and those frames were omitted.

A.5.3.1 Shot 1, 17 March 1953

Exneriment not nerformed because of the lack of timing
signals.

A.5.3.2 Shot 2, 24 March 1953

The dnta show a sharp drop in signal amplitude at T,
followed by a mild osclllation lasting for about 1/4 sec, At this
point the sisnal amplitude started scscillating wildly with a frequency
af about 130 cps. The wild oscillation lasted adbout 0.2 sec and
gsattled down tn a mild oscillation lasiing for about 1/2 sec. The
receiver gain was set 8o lovw for this test that prior to T, only a
return from the tower wes evident and no ground clutter appeared on
the rest »¢ the trace.
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A0503.3 3hot !. !1 Mg,rch 1252

Due to the unexpectedly low yield the blue box did not trip
and gave no To indication. Since To cennot be ascertained from the
characteristics of the dats, no conclusions can be drawn, -

A.5.3.4  Shot U4, 6 April 1953

The film in the high speed camera broke on sterting so that
no data were taken on this shot.

A.5.3.5 Shot 18 April 1

The gain of the radar receiver was set so low for this shot
that there was no ground clutter and only the pulse return from the
tower was evident. At T, this pulse disappeared and the trace was
flat throughout the rest of the film,

A.5.3.6 Shot 6, 11 April 1953

The gain of the radar receiver was set so low that only one
pulse appeared on the trace. This pulse was so small that no change
in 1ts amplitude could be measured throughout the period near T, and
later.

A.5.3.7 Shot 25 April 1

* Beceuse of difficulty in sterting the cameras no data were
recorded for this shot.

A.5.3.8 Dry Run, 4 May 1953

No observeble chenge in the pulse amplitude was recorded on
the film,

A.5-309 shot 8. 12 Ma! 12:22

Data were not obtained with the low-speed camera because the
camera clutch broke and the film did not run through.

The graph of the data obtained by the high speed camera,
shows that the pulee amplitudes for ground zero and for the vicinity
near ground gero were quite similar in behavior. At T, there was a
sharp drop, followed by a small, slow oscillation which lasted for
about 1/2 sec for both curves. At this point the returns from ground
goro began a repid, large-amplitude oscillation which continued for
about 1/2 sec with a frequency of approximetely 85 cps. At a later
time the returns from the vicinity near ground sero began the rapid
large amplitude oscillations which lasted for 0.3 sec and had a
frequency of about 36 cps.

18
SECRET - RESTRICTED DATA



A.5.3.10 Shot 9, & May 1953

Yor this shot the gain of the radar receiver was set high
80 that there were good ground returne. This, plus the fact that this
was an air burst, made the pulse returns in and about ground zero more
Qifficuit to distingulsh than in the previous cases. The location of
the burst was caluclated and the region was studied which showed
fluctuations., At T, there was a small, sharp rise in signal amplitude
followed dy a slow, small oscillstion which lasted about 1-1/2 sec.
After this the wild oscillation in signal <crength, observed in the
previous tests, etarted up and lasted for 3 sec.

A.5.3.11 Shot 10, 25 May 1953

The T light was so faint that 1t was difficult to deter-
mine when it veng out. Consequently, there was no indication of To
on the deta. The curves show the presence of the high-amplitude
oscillatione but it cennot be determined how long after T, these
occurred. The frequency of the oscillation was of the oraor of
100 cpe.

A.5.3,12 Shot 11, &4 June 1953

The T, 1ight was too faint to photograph well end it cannot
be determined precisely where the light goes out. The data show no
morked feetures, nnd the high-amplitude oscillations apparent in the
other cecses were not evidenced here.

A.5.4  Auxilisry Refraction Experiment

The Naval Electronics laboratory system had no T indicator
but at approximetely the expected time a bdright flash apBoared on one
frame of the FPI presentation film. This apparently was caused dy
1ight leak'ng into the camera and scope and therefore indicated To.
Immedistely after this bright flash, in the vicinity of ground gero,
an expanding distrubance was observed which traveled outwardly very
rapidly. The effect of this disturbance was to cause the ground re-
turns to scintillate. This phenomenon was guite suggestive of the
wild oscillations observed in signal amplitude on other occasions.

Looking further out in range to the expected position of the re-
flectors 4id not provide additional deta since the returns from the
reflectors were never absolutely defined. At the range used, the
azimuthal resolution of the rader system prevented detection of any
small shift in angle.

The B-scope presentetion showed no T, indication and T, could
not be determined with any accuvracy. Again the reflector returns were
not identi.led. At some time after T, the returns in line with the
burst were blanked out as though they were in the shadow dut no
conclusive shift could Ye observed bdefore this dlanking out of signal.
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A.6  DISCUSSION
A.6.1 Ceneral

The electromagnetic refraction exveriment was conducted on
six of “he seven tower shots. TYor the remaining shot it wase
impossidle to find satisfactory site location, hence participation
in that shot was omitted. Date were obtained in five of the six shots,
The time history experiment, however, wngs perforred on nll 11
shots and det» were obtained on aiprht of the 11 shote.

A.6,2 Refructinn Exveriment

The phanomena associoted wita an atnamic dburst have n marked
offect on the trenamissinn nf microwaves in the vicinity of the bhurst,
The effact, however, is far more comnlicated then nimole refruction,
furthermore, 1t is impossihle t» rep-rate the refraction effects
from the other effects with ¢he aresent datn, Tt is noseible, however,
to draw some concluasions absrut the refraction,

The refrection of the rader berm must he small, If it were as
large ns had been snticivated, its effect conld not have been mesied
by the other effecta. It must be noted that in no c=se was a sipnal
detected after T, at a receiver which had no sign>1 before To.

The mora pronounced effects show some intareating features and
add to the fund of Imowledee concernins vhenomena assnci~ted with an
atomic burst, The most striking of thene fentures is the rapid fluctu-
atisns of the signal strength received 2t the variims recsivers,
Significently, these fluctuations did not nsually begin at To but
started rt various tines after the burst., The further a receiver v J
from the continuation of the line connecting the trunsmitter to the
burst, the lonzer was the elansed tine ~fter T, before a fluctuation
vas observed in the sifnal received. The fluctustions lasted for
about 1/4 sec.

After a much lonrer interval (about 10 sec later) the signals
bagan to fluctuate agein, At this latter time, however, the fluctu-
ation occurred errlier in the outer receivers.

The amplitude of the received signal during .he period of fluc-
tuation goes through a series of irregularly spaced and irregularly
shaped maxima and minima, The time between the maxima is irregular but
corresponds roughly to a frequency of 100 cps for the early period of
fluctuation and of about 1/2 cps for the latter period.

It was impossible t5 asasncliate the fluctunotions »f the eiemal
received in nne receiver with that recelved in another, The veria-
tions in any one receiver anpear to te independent of those in any
nther excent for the time at which theyv start,

The observed phenomenn can bYe depicted ss the result of a dis-
turbance moving intlttally awny “rom the hurat and then movins dack
toward it. The effect of this Aisturbance may he thonsht to cause
random changes in amnlitnde of the rad-r stgnal movine throneh it. The
aeffects proiuced decresse with time after T,.
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Before attempting to exvlain these results, it is necessary
to indicate one additional fact. The antenna radiation pattern, deter-
mined by plotting the amplitude of the signals received at the various
receivers varsus the angular spresd of the receivers, wae quite
different from the actual free svoace antenna pattern.

A possible reason for this is that the signel that reaches the
receiver is actually the sum of signale that have traveled different
paths. One path 1s the direct path from the transmitter. Other paths
would involve reflection by the ground. Since the actual paths involve
nearly a million wave lengths, it is quite certain that the differences
in path length would be meny wave lengthe. Thus the phase difference
between the signel arriving via different paths would be essentially
random end the amplitude resulting from their addition might vary from
nearly zero to larger than that of any individual eignsl. Thus, the
amplitude of signal received 2t any recelver would depend not only
upon the anguler spread between the line from the transmitter to that
receiver and the direction of maximum power output of the transmitter,
but also upon the nature of the interferences caused by the multipath
transmission. This would explain the reason why regular patterns of
the form of Fig. A.4 were not observed. It is important to note,
however, that the receivers outside of the beam of the antenna would
under no circumstance receive an observable signal without the
presence of refrection.

The fluctuetions of the received signsls that were descrided
above can be explained on the basis of this multipath transmission.
The atomic explosion provides a reglon in space (the firebdall) with
opticel properties considerably different from those of normal air,
The edge of the region, moreover, is probsbly not sharp. The optical
properties chenge gradually from those of normal air,

After T,, this region expande. When the region moves in
between the transmitter and a given receiver, the direct optical path
to that receiver is effectively chenged. The paths via ground reflect-
iones may also be chunged dut prodadly not so mmch. The result is a
phase chance between the various paths and therefore a change in the
resultant amplitude. As more of the disturbed region moves between
the transmitter and the receiver the effective length of the direct
path is further changed. Since the distance involved 1is so large
compared to a weve length, it is reasonable to expect the optical
path to change %ty many wave lengths. The resultant amplitude will
then show many maxima and minima corresponding to instants of time
when the path difference was an even or odd multiple of the wave
length.

The second series of oscillations occurs as the firedall rises
or cools off. The effective edge of the sphere would then be in line
with the outer receivers first,

Another possible explanation of the oscillations is that they
are due to oscillations of the firedall sphere. These oscillations
would cause a regular veriation of the effective path difference
between direct and reflected waves. This would result in the observed
oscillation of the amplitude. Calculations based on a simplified model
of the fireball indicate that such a sphere should have fundamental
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modes of vibration nf the same order of meynitude as thore odserved.

A second mnjor affect nf the burat on radar trrnumiesion was
noticed nt timer shortly after the first period of wild fluctustions.
The slgnal arriving at the inner receivers - those nearest the trane-
mitter to burst line — dimininhed to the noise level. The signal at
the innermost receiver disappenred first. At times considersdly later,
these sirnals reappeared and in the reverse order to that in which
they disappesrad,

This phenomenn 1s similar t~r that oduerved by alrdborne radar
and ts called the firebnll clnud shadow. The mnst loglcnl explanatlon
18 thnt the radar energy !s absordbed hy the fons formed in the fire-
ball eloud. Therefore, the raginon behind the cloud, that is, in its
shadow, 1is never reached by the rader trunsmnirsion.

A.6.3 Tine History Experiment

The time hirtory experiment showed results similar to those of
the refraction exveriment. The occurrence of the durst had a mejor
effact on the trunanirslnn of microwaves in the vicinity of the bdurst.
These effacte can ha axplained on the sama basis as those observed
during the refraction experiment.

There wns no obsarvable reflection from the burst itself.

Thins indicates that the "bright spot return" obsorved with airdorne
reder did not emanerte from the firedball, The renson why the firebsll
does not sarve as a good reflector ia probadly the gradual change in
tonization arnsund the fireball, The chonre is 85 pradual thot there
ts no appreclehle shift in optical propertics of the air in one

wave length, Under such conditinne reflections cannot be expected.

Similarly, the other effects detected by the use of airborne
radar were not observed. Nelther the “ennular return,” that 18, a
reglon expanding at the rate of motion nf shoclz wave intersection of
the ground and showine incressed reflection, nar the cloud shndow, A
reglion of no rader veflection, wns detected. The fnollure to detect
these phenomenr may hrve been dve to the wide antennn beam width and
1ong pulese duration used., Thie methnd of oper=tinn resulted in the
signel recelved at the radnr set at anv {natant belnes the integrsted
result of reflectinn from n rather lerge area of 1ond, The portion of
the beam blanked out by the cloud shedow was actually a relatively sa~ll
fraction of the total beam, and tnerefore this effect could not be
observed.

The effects th-t were observed were the rame type of irregular
random fluctuation of the amplitude of the reflected signals as vas
nhserved in the refraction experiments. It is felt thet these flnuc-
tuatisne were caused by the same phenomen=. The signal arriving at
the radsr sntenna 2t any instzant wns the result of reflectinns that
arrived from many different objects, and that treveled many different
paths. The burst caused chenges in the effective length of sone of
the peths and thus changed the interference pattern at the antenna.
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In most cmses, the period of large fluctuatione began consider-
ably after T,. This would indicate that the obeerved reflections were
from objects at some distance from ground zero, that is, at the outer
edges of the beam. This is quite reasonable since reflections from the
center of the beam would probably have been obliterated dy the cloud
shadow, Furthermore any buildings around ground zero would have been
destroyed.

A.6.4  Auxiliary Refraction Experiment

Observation of the reflecturs by rapid scan radar did not re-
veal refraction. There was no observable shift of those returns which
were tentatively identified as the reflectors. This may have been due
to the fact that the shift in range for asny reasonable amount of re-
fraction would be too small to be detected. Similarly an anguler shirt
might not be detectadle since the angular resolution of the instrument
is quite poor, the antenna beam width being 5°.

Observation of the region around ground zero with this equip-
ment showed the s=2me effects observed in the two other experiments.
Immedistely after T, the returns in the region around ground gero were
observed to scintillate. On the PPl presentation the exvansion of the
region of signal fluctuations could be obdserved. The cause for this
effect is presumed to be the same as that discussed adove.

A.7 CONCLUSIONS
A.7.1 Refraction Experiment

The refraction of the radar beam wae too small to be observed
in the presence of other large scale effects.

The most pronouaced effect observed was the large fluctuations
in the amplitude of the signals received. This phenomenon is ten-
tatively interpreted as being due to interferencs effects between signe
als that had traveled different paths.

The signals received at those stations nearest the trans-
mitter-to-turst line disappeared shortly after T,. This effect was
assumed to be due to the abrorption of the radar beam by the firedall
cloud,

A.7.2 Time Histor beriment

No reflection of the radar beam by the fireball was observed.

The phenomena observed by eirdborne radar, the annular return
and the cloud shadow, were not detected in these experiments.

Fluctuntions similer to those observed in the refraction ex-
periment were observed. The cause of these fluctuations is assumed to
be the same as that in the refraction experiment.

A.7.3 Auxiliary Refracti erime

The refraction of the radar beam was too small to be observed
with the resolution availabdble,
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An exnanding annul=r ring was observed in this exnerizent. In
thie ring the ground pnainting anpenred to scintillste, These fluc~
tu~tlons in eipnel strength of the radar returns weroc aimilar tos the
oscill~tions olnervel ln the refraction and time hietory experiment.
A8 RICONIENDATIONS

A.R.1 General

A more quantitative evaluation of the refraction pheriomennn, a
detailed sesrch for both the annular return and cloud shadow, or a more
precise explznation of the cause of the large fluctuations in signal
strength would require further experimentation.

A.8.2 Refrerction
If further investig~ations are desired, several methods of
instrumentation sre feasidble for the performance of the refraction

experiment. They =re presented here in order of preference.

A.8.2,1 PFire Control Radar System

The most desirzbdle method is to observe the returns from a
beacon transmitter with twn narrow beam antennss offset by a small
sngle. Possidbly a modificatlion of an existing fire control radar
system would te »dequate to perform the experiment. The use of two
seporate sntennas is necessitated by the rapidly fluctuating signal
strength otserved during the present test. The returns from both
d: -rctions have to be comdared similteneously. A conical scen or a
lobe switching system would not dbe sultsble since the fluctuations
would produce felse "bending" information. The use of the monopulse
system is 1deal, since with this system the returne from both direct-
ions are observed continuously and compared simaltanesusly.

By using » transponder beszcon all ground returns would be
eliminnted and the use of n=rrow antenna beam width increases the
resolution possidle,

A.8.2.2 Narrow Beam Antenna

A second method for the refraction experiment consists of
the same system as used during this test tut with the use of a much
smaller entenna besm width. The use of a K-dand radar syetem with a
vary lerge parabolic reflector would permit closer spncing of the
receiver stations, Furthermore, with the narrow besm width, it is not
necessary to observe the patterns to deternine the central ray. All
that has to de recorded is whether or not a particular receiver station
detected » signel.
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A.8.2.3 TFagt Scan Redar

A third method is to use a fast scan radar system observing
the returne osn » PPl scope from elther reflectors or bescons. The
refraction crn then he determined by measuring the azimuthal shift
of the bYeacon or reflector returns.

This method has the advantage of vroviding refraction data
as a8 function of azimuth. Several reflectors can be set up to deter-
mine the refraction for electromsgnetic resnge passing et various
diatances from the buret center. However, this system hes the dis-
advantage of a wide beam width which resulte in poor resolution.

A.8.3 Annular Return end Cloud Shedow

Should it bYe neceseary to make a more de*siled investigation
into the anmulsr return and the cloud shadow, the use of a frst scan
radar system with good angular resslutioson is desirable. Observations
should be made on a PPl scope and the gain setting of the radar set
should be high enouch to obeerve the cloud shadow and get good ground
painting in the vicinity of the burst. It would be desiradle to
investigate the results at two frequencies, X- and K-band, by
means of two radar sets placed side by side.

A.8.4  Signal Amplitude Fluctuations

During future tests, should it be desiradle to investigate
8ignal amplitude fluctuations experienced durins this test, an ex-
perizental setup similar to that used during this test is recommended,
except that a different arrangement of receivers should bde used.
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